Due to the lack of reproducible surgical repair techniques which yield good long-term results, tricuspid aortic valve regurgitation, until recently, has been managed primarily with replacement of the valve with mechanical or biological prostheses [1] . Therefore, cardiac surgeons have been searching for repair techniques which enable the preservation of native valve for many years [2, 3] . Long-term research showed that a key factor facilitating permanent repair of the aortic valve, similar to mitral or tricuspid valves, was stabilization of the annulus. Stabilization prevents the recurrence of aortic regurgitation due to subsequent dilatation of the aortic root [4, 5] . The recently designed HAART 300™ (BioStable Science and Engineering, Austin, TX) rigid ring implanted under aortic valve cusps ( Fig. 1A, B ) could be a significant achievement in the area of aortic valve stabilization. The first four cases of HAART 300™ aortic ring implantation in Poland have recently been published [6] .
In the present study, early results of tricuspid aortic valve repair with the use of HAART 300™ aortic ring were reviewed in a cohort of 15 patients.
Patients with moderate and severe aortic valve regurgitation were referred for aortic valve repair with the use of HAART 300™ aortic ring, according to European Society of Cardiology/European Association for Cardio-Thoracic Surgery guidelines on valvular heart disease, published in 2012 and 2017 [7, 8] .
The following criteria precluded HAART 300™ aortic ring implantation: bicuspid aortic valve, infective endocarditis and significant cusp fenestrations or calcifications.
Patients with coexisting diseases requiring complex surgical procedures or reparable leaflet defects were not excluded.
Prior to surgery transthoracic echocardiography (TTE) was performed. The left ventricular end diastolic volume, left ventricular end systolic volume and left ventricular ejection fraction were calculated. The dimensions of left ventricular outflow tract, aortic root and ascending aorta were measured. The mitral and tricuspid valves were assessed. Computed tomography angiography of thoracic aorta was performed in patients with aortic dilatation to extend diagnostics and plan the scope of the operation.
When referring patients for repair surgery, El-Khoury classification [2] was used to define the type of aortic regurgitation.
With the use of intra-operative transesophageal echocardiography (TEE), long and short axis views were acquired for measurements and assessment of the aortic valve. Measurements included: aortic annulus (aorto-ventricular junction), aortic root, sinotubular junction, and the diameter of ascending aorta.
Aortic regurgitation grade was established according to a four-point scale: 0 -none or trivial, I -mild, II -moderate, III -moderately severe, IV -severe [9] .
For correction and stabilization of the aortic valve, a HAART 300™ (BioStable Science and Engineering, Austin, TX) was used [10] . The ring is made of a titanium stent covered with a dacron material, having an elliptic shape and three 10-degree outwardly flaring posts. The ring is available in four different sizes: 19, 21, 23, and 25 mm. The result of aortic valve repair was assessed intraoperatively by measuring the effective coaptation height with Schaffers callipers, aiming at a minimum of 9 mm. The quality of repair was also as-sessed by echocardiography, which was performed intra-operatively (TEE), on the 7 th postoperative day (TTE), and subsequently at 6 month intervals. Effective valve repair was defined as no, trivial or mild central regurgitation.
Fifteen patients aged between 53 and 73 (mean 65.6 ± 5.8) years, including 13 (86.6%) males underwent aortic valve repair with the use of HAART 300™ aortic ring during a period from September 2016 to January 2019. Eleven (73.3%) patients required cusp plication, 9 (60%) patients -replacement of the aorta (including 4 [26.6%] with co-existing aortic root aneurysm in whom aortic root remodeling was performed), 2 (13.3%) patients required mitral valve repair, 4 (26.6%) patients recieved simultaneous coronary artery bypass grafts. Intra-operative TEE assessment revealed a perfectly competent aortic valve after repair in 9 (60%) patients, mild central regurgitation in 5 (33.3%) patients, and mild non-central regurgitation in 1 (6.7%) patient (Fig. 1C) . In 1 case moderate central aortic regurgitation was revealed in TEE which was related to excessive leaflet plication. During the additional period of aortic cross clamping, the single plication stitch was removed from every cusp resulting in trivial aortic regurgitation.
One patient required reoperation for bleeding. No neurological or thromboembolic complications were noted. On day 7 after surgery, 1 patient required laparotomy due to gastric ulcer perforation. Mean Intensive Care Unit stay was 3.2 ± 1.5 days. The patients were discharged on day 8.1 ± 3.2 post-op.
The TTE performed on day 7 after surgery revealed no aortic regurgitation in 8 (53%) patients, 6 (40%) patients presented with mild, central aortic regurgitation, and 1 (6.7%) patient progressed from mild to moderate non-central regurgitation (Fig. 1C) .
Complete follow-up was available in all patients, ranging from 2 months to 30 months after surgery (mean 257 ± 194 days). No deaths were noted during the follow-up period. Competent aortic valve was revealed in 8 (53%) patients and 5 (33%) patients presented with mild, central aortic regurgitation. In 1 (6.7%) patient moderate aortic regurgitation was noted on echocardiography performed 18 months after surgery (Fig. 1C ). This was associated with the increase of aortic root diameter from 42 mm on discharge to 52 mm and apparent non-coronary cusp restriction. Finally, in 1 patient moderate aortic regurgitation on discharge progressed to severe within half a year and this patient underwent a redo aortic valve replacement with bioprosthesis.
Implantation of the HAART 300™ ring is a simple and reproducible aortic annuloplasty and annular stabilization technique. This method markedly simplifies the aortic valve repair procedure, and in the early experience of the documented operators, is associated with good short-term results. It provides durable protection for patients preventing recurrent aortic valve regurgitation. It does not preclude simultaneous employment of repair techniques on aortic valve cusps nor the aortic valve sparing procedure in case of coexisting root aneurysm. Moreover, this technique does not increase intra-operative mortality, nor the rate of cardiovascular complications. It seems that the presented method of repair can be used in patients with tricuspid aortic valve regurgitation caused by one or more of the following conditions: aortic annulus dilatation, leaflet prolapse, root and/ or ascending aorta aneurysm.
Funding:
The study was funded from statutory funds of Medical University of Silesia: KNW-1-182/ /N/6/K and KNW-1-014/N/8/K.
